It is important to study the mechanical properties of cracked rock to understand the 8 engineering behavior of cracked rock mass and avoid the engineering disasters. Consequently, the 9 influence of the number of pre-existing fissures on the strength, deformation and acoustic emission (AE) 10 characteristics of cracked rock specimen was analyzed, and the optimal selection of strength parameter 11 in engineering design was discussed. The results show that the strength parameters (stress of dilatancy 12 onset and uniaxial compressive strength) and axial deformation parameters (axial strain of dilatancy 13 onset and axial peak strain) of cracked rock specimen decrease with the increase of the number of 14 pre-existing fissures, and the relations which can use the negative exponential function to fit. Compared 15 with the intact rock specimens, the different degrees of stress drop phenomena were produced in the cd-c 16 stage of cracked rock specimens under loading. At this moment, the cracked rock specimens with the 17 existence of stress drop are not instantaneous failure, but the circumferential strain, volumetric strain and 18 AE signals increase burstingly. And the time and axial stress of this point occurred with stress drop 19 decrease with the increase of number of pre-existing fissures, the relations which can use the negative 20 exponential function to fit. It is noteworthy that the stress of dilatancy onset and its corresponding time 21 are always ahead of the stress and the time of that point with the existence of stress drop. It indicates that 22 the stress of dilatancy onset can be as the parameter of strength design in rock engineering, which can 23 effectively prevent the large deformation of rock. 24
Experimental method 117

Experimental materials 118
In this test, the red sandstone specimens were obtained from the heading face (depth of -479 m) in a 119 mine in the Xuzhou area, Jiangsu, China. The main physical properties of red sandstone are given in 120 Table 1 . Figure 2 is the X-ray diffraction (XRD) spectrum of a typical specimen, which presents the 121 major constituent of rock material. 122
Experimental equipments 123
The loading device is MTS815 rock mechanics test system, the maximum axial pressure is 4600 kN, 124 the loading rate range is 10 -5 -1 mm/s, the fatigue frequency is 0.001-0.5 Hz and the frame stiffness is 125 10.5 ×10 9 N/m. AE21C system is used for acoustic emission monitoring. The acoustic emission detectors 126 are using piezoelectric ceramic acoustic emission sensors, the gain and threshold are 35 db, the impact 127 time is 50 μs, the impact interval is 300 μs, and the acquisition rate is 100 ms/time. The AE signals are 128 picked up by the detector, which are preamplified, mainly discharged and denoised by the AE instrument 129 to form the AE parameters (AE count, AE counting rate, energy count, energy counting rate and so on) 130 (Carpinteri et al., 2013) . 131
Experimental specimens 132
The intact rock specimens were processed into cylinders of ϕ 50 mm × 100 mm according to the 133 test method (Ulusay, 2015) proposed by the International Society for Rock Mechanics (ISRM), and both 134 ends were polished, the parallel misalignment and nonperpendicularity is controlled within ±0.02 mm. 135
The pre-existing fissures in rock specimens were machined according to the parameters listed in Table 2  136 and the geometric distribution plotted in Fig. 3 , and the fissures were cut by using ultra-thin diamond 137 blades (1 mm of thickness) (Yang et al., 2008) . In the figure and table, the red line segments are the 138 pre-existing fissures, n is the number of pre-existing fissures, a is the length of pre-existing fissure, l is 139 the length of rock bridge, α is the angle of pre-existing fissure, β is the angle of rock bridge. 140
Experimental process 141
The Vaseline was applied between the both ends of specimen and the indenter to eliminate the 142 Figure 4 presents the mechanical behavior of intact red sandstone to denote the dilatancy 147 characteristic, it shows that the load process of red sandstone specimens can be divided five stages, 148
including o-cc stage of pore compaction, cc-ci stage of Elastic deformation, ci-cd stage of initiation and 149 stability expansion of crack, cd-c stage of damage and unstable propagation of crack and failure stage. 150
The characteristics of each stage are described in detail below: 151
(1) o-cc stage of Pore compaction: The axial stress-axial strain curve is concave, with observable 152 initial nonlinearity, and the circumferential strain at this stage remains essentially constant. The 153 existences of the original cracks and porosity in rock specimen compact with the increase of axial stress. 154
In this stage, the AE signals are small. 155
(2) cc-ci stage of Elastic deformation: The AE signals gradually increase with axial deformation in 156 this stage, which are produced by the occlusion and friction of rough surface in rock after the 157 compaction of the original cracks and porosity. The axial and circumferential strains in this stage are 158 linear, thereby causing the volume strain presents linear characteristics. 159 (3) ci-cd stage of Initiation and stability expansion of crack: After the axial stress reaches the 160 threshold of cracks initiation, the closed original cracks, porosity and new cracks in rock start to expand 161 and propagate, which results the stress-strain curves deviate from the linear variation. The AE signals are 162 fluctuating due to the expansion and propagation of cracks. 163 (4) cd-c stage of Damage and unstable propagation of crack: After the axial stress reaches the stress 164 of dilatancy onset, the circumferential strain of rock specimen increases rapidly, which the increase rate 165 is obviously higher than that of the axial strain, thereby causing the volume strain decreases. The rock 166 specimen is transformed from compression to expansion, and this turning point is due to the irreversible 167 damage in rock, which results the volume deformation increases rapidly. 168 (5) Failure stage: The axial stress of rock specimen is characterized by strain softening. When the 169 stress drops, the macroscopic fracture surface is formed by the expansion and propagation of cracks in 170 rock, the AE signals are suddenly increased and the volume strain of rock specimen is further decreased. that the UCS, the axial peak strain and the elastic modulus of red sandstone specimen with pre-existing 179 fissures are significantly lower than those of the intact specimen. In addition, the obvious phenomenon 180 of stress drop in cd-c stage of cracked rock specimen is conducted by the propagation of crack in the end 181 of pre-existing fissures. 182 Table 3 lists the mechanical parameters of red sandstone with different numbers of pre-existing 183 fissures. According to Table 3 , the relation between stress of dilatancy onset or UCS and number of 184 pre-existing fissure can be obtained as shown in Fig. 6 , the corresponding relationships are presented in 185 Table 4 . And the relation between axial strain of dilatancy onset or axial peak strain and number of 186 pre-existing fissure can be obtained as shown in Fig. 7 , the corresponding relationships are presented in 187 Table 5 . However, there is no obvious rule between the elastic modulus, the circumferential strain or the 188 volume strain and the number of pre-existing fissure. 189
It can be seen from Figure 6 and Table 4 points. It is worth noted that the time of I 1 point appeared at the moment constantly advances with the 218 increase of number of pre-existing fissures. Therefore, Table 6 shows the time of I 1 point occurred of 219 cracked rock specimen with different number of pre-existing fissures, and the axial stress and AE counts 220 at this time are correspondingly given. 221 According to Table 6 , the relation between time of I 1 point or axial stress of I 1 point and number of 222 pre-existing fissures is given in Fig. 9 , and the corresponding relationships are listed in Table 7 . As can 223 be seen from the figure and the table, the time of I 1 point and the axial stress of I 1 point decrease with the 224 increase of number of pre-existing fissures, and the relation which can use the negative exponential 225 function to fit. The correlation coefficient between time of I 1 point and number of pre-existing fissures is 226 optimal, but the correlation coefficient between corresponding axial stress and number of pre-existing 227 fissures is suboptimal. In addition, the number of pre-existing fissures doesn't affect the AE counts of 228 cracked rock specimen. 229 rock mass. Compared with the intact rock, the strength and deformation characteristics of cracked rock 232 are obviously degraded, and the expansion and propagation of original fissures and new cracks in rock 233 are seriously affecting the safety and stability in rock engineering. However, there are lots of factors that 234 affect the mechanical properties of cracked rock, and the strength parameters of cracked rock are 235 difficult to quantify because of the curse of dimensionality produced by different geometric distribution 236 of fissures. So it is impossible to give the selection of optimal parameter in engineering design. For this 237 purpose, Martin and Chandler (1994) considered that the 50% of UCS can be used as the strength design 238 parameter of rock material to reduce the occurrence of safety accident in engineering. However, this is 239 only an empirical criterion, and its mechanism isn't revealed clearly. Therefore, it is necessary to obtain 240 the optimal selection of parameter in engineering design for cracked rock and its rational basis. 241 Figure 10 gives the mechanical behavior of red sandstone with pre-existing fissures to denote the 242 dilatancy characteristic. Compared with the mechanical behavior of intact rock specimen as shown in 243 Fig. 4 , in addition to the deterioration of cracked rock specimen on the strength and deformation 244 characteristics, the phenomena of stress drop and deformation surge at two points of I 1 and I 2 should be 245 noticed by the geotechnical scientists. As can be seen from the figure, the stress drop in the two points is 246 instantaneous, but the specimen doesn't fail instantaneously with the increase of axial stress. It should be 247 noted that the circumferential strain, the volumetric strain and the AE signals burstingly increase at this 248 moment. The large deformation of rock will be produced to result the disasters in engineering easily. 249
It is worth noted that the time of initial point I 1 appeared at the moment of stress drop constantly 250 advances with the increase of number of pre-existing fissures. In order to ensure the safety and the 251 stability of engineering rock mass, to avoid the large deformation of rock mass in the engineering, and to 252 prevent the disaster of water irruption caused by the underground watercourse, which is formed by the 253 expansion and the propagation of cracks. It is necessary to prevent the similar point of I 1 occurred in 254 rock under loading. Therefore, Table 8 shows the scale parameters of cracked rock specimen between the 255 mechanical parameters of I 1 point and the dilatancy onset or the peak point. 
262
According to Table 8 , the relation between scale parameters of I 1 point and number of pre-existing 263 fissures can be obtained, as shown in Fig. 11 . From the figure and the table, the parameters of 
Conclusions
274
The uniaxial compression test of red sandstone specimen with different numbers of pre-existing 275 fissures was carried out to study the mechanical properties of cracked rock. The influence of the number 276 of pre-existing fissures on the strength, deformation and AE characteristics of cracked rock specimen 277 was analyzed. The optimal selection of strength parameter in engineering design was discussed. 278
(1) The strength parameters (stress of dilatancy onset and UCS) and axial deformation parameters 279 (axial strain of dilatancy onset and axial peak strain) of cracked rock specimen decrease with the 280 increase of the number of pre-existing fissures, and the relations which can use the negative exponential 281 function to fit. However, the number of pre-existing fissures doesn't affect the elastic modulus, 282 produced in the cd-c stage of cracked rock specimens. The time and axial stress of this point occurred 285
with stress drop decrease with the increase of number of pre-existing fissures, and the relation which can 286 use the negative exponential function to fit. However, the number of pre-existing fissures doesn't affect 287 the AE counts of cracked rock specimen at this point. 288 
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